Two goals in the study of evolutionary anthropology are to determine the factors that make humans unique and to reconstruct the evolution of our behavior. As humans' closest living relatives, chimpanzees (Pan troglodytes) and bonobos (Pan paniscus) have always been of special interest in this regard.
Two goals in the study of evolutionary anthropology are to determine the factors that make humans unique and to reconstruct the evolution of our behavior. As humans' closest living relatives, chimpanzees (Pan troglodytes) and bonobos (Pan paniscus) have always been of special interest in this regard. Because of their close evolutionary relationship to us, these animals provide the requisite comparative data to evaluate claims made about human uniqueness. In addition, knowledge of the differences among chimpanzees, bonobos, and us furnishes important insights into the changes that occurred during human evolution. Given these circumstances, studies of chimpanzees and bonobos remain high priorities for research. The volatile political situation in the Democratic Republic of the Congo, home to bonobos, has made long-term study of their behavior difficult, if not impossible. In contrast, field research on chimpanzees, initiated by Jane Goodall 1 and Toshisada Nishida 2 nearly 50 years ago, continues to grow and thrive. While past and ongoing field work has added enormously to our understanding of the behavior of chimpanzees, [3] [4] [5] [6] [7] [8] gaps in knowledge persist. In this paper, I summarize some of these gaps, giving special emphasis to male cooperation and female competition.
Cooperation and competition generate considerable theoretical interest and remain prominent issues in the study of evolutionary biology. Darwin's 9,10 twin theories of natural selection and sexual selection furnish the basis for our current understanding of cooperation and competition in the biological world. Cooperation, defined as behavior that increases the fitness of others, 11 poses a problem because it is not immediately clear why organisms might help others in the face of selection operating to produce organic structures and behaviors ''solely by and for the good of each.'' 9 Why males cooperate poses an additional puzzle because these individuals typically compete to fertilize females, who are neither easily divided nor shared. As a result, extensive research has been devoted to attempting to explain the evolution of cooperation during the past 50 years. [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] After having been virtually ignored for 100 years after its publication in The Descent of Man and Selection in Relation to Sex, Darwin's theory of sexual selection now serves as the foundation for an active and vibrant field of research. Sexual selection furnishes a compelling rationale for why males frequently compete. A resurgence of interest in this evolutionary process during the past 40 years has led to the publication of several important studies regarding how males compete across the animal kingdom. 21 The focus on male-male competition has tended to obscure the fact that females in a wide variety of species often compete. Growing realization of the importance of female competition, fueled in part by studies of primates, is beginning to alter this situation, leading to renewed attention to this process. 22 My goal in the following is to provide a road map for future research. This road map depends, in part, on understanding what we already know. As a consequence, I highlight selected findings regarding male chimpanzee cooperation and female competition. This is not intended to be an exhaustive review of the literature, but instead an admittedly personal view of the state of the art and field. Because our current understanding of wild chimpanzee behavior derives from years of research by several individuals, it will be instructive to begin with a summary of the major long-term field studies of chimpanzee behavior.
CHIMPANZEE FIELD STUDIES
Much of our understanding of what it is to be a chimpanzee in the wild derives from the pioneering studies initiated by Jane Goodall 23 at the Gombe National Park and Toshisada Nishida 2 at the Mahale Mountains National Park, both in Tanzania. Field work by Goodall and her colleagues and Nishida and his co-workers now into their 49 th and 44 th years, respectively, has been responsible for seminal discoveries regarding chimpanzee tool use and hunting, 1 inter community violence and aggression, 24 44 In sum, previous and ongoing field research on chimpanzees has yielded over 200 person years of observations and resulted in an unprecedented amount of data. These data lay the groundwork for studies investigating the dual problems of male cooperation and female competition.
MALE CHIMPANZEE COOPERATION
Male chimpanzees are extremely gregarious 2, 3, 40, [45] [46] [47] and frequently engage in highly charged, noisy aggressive interactions. This led early observers to emphasize the role that male competition plays in chimpanzee life. 48, 49 High levels of male competition follow directly from the low reproductive rates of female chimpanzees, which give birth once, on average, every 5-6 years. 3, 5, 6, 50 Heavily biased male operational sex ratios result, with the number of reproductively active males dwarfing the number of reproductively active females at any moment in time. This sets the stage for intense male-male competition for mates and reproductive opportunities.
Male chimpanzees compete within and between communities. Within communities, male chimpanzees strive for status as they attempt to dominate others, forming linear dominance hierarchies in the process. 46, [51] [52] [53] Recent research from several sites now indicates that males achieving high dominance rank obtain substantial fitness benefits, with alpha males siring up to 30%-50% of all infants born during their tenures at the top of hierarchies. [53] [54] [55] [56] Male chimpanzees also compete with conspecifics from other communities as they defend their feeding grounds via group territorial behavior. 57 Despite their highly competitive nature, male chimpanzees also cooperate in several contexts to obtain direct and indirect fitness benefits. 7, 58 Coalitionary behavior, meat sharing, and territorial boundary patrolling provide three examples in this regard.
Coalitionary Behavior
Coalitions are a conspicuous and theoretically interesting aspect of primate behavior, taking place in species across the Order. 59 Coalitionary behavior involves two or more individuals cooperating to direct aggression toward others (Fig. 1) . In these situations, one animal typically intervenes in an ongoing dispute between two individuals. That primates form coalitions so readily raises a puzzling evolutionary question. Why does a third party come to the aid of another and put him or herself at risk in the process?
Previous studies of male chimpanzees have emphasized the crucial role coalitions play in the acquisition of dominance rank. Because high rank confers fitness benefits, [53] [54] [55] [56] males compete vigorously to achieve alpha status. While large, strong males occasionally rise to the top, coalitionary support is frequently a more critical variable in that males typically obtain the alpha position only if they receive help from others. [60] [61] [62] [63] [64] [65] [66] [67] [68] Other studies indicate that alpha males cede matings to lower ranking males, who help them maintain their position in the dominance hierarchy. 62, 69 All of these studies invoke reciprocity and continue to be debated, as the importance of this process in animals other than humans is unclear. 17, 70 In research on wild chimpanzees, it is extremely difficult to establish the contingent nature of exchanges between individuals who live in uncontrolled conditions and who are not always together due to the fission-fusion nature of their society. More work, perhaps in captivity, where the behavior of one individual can be shown to depend on the actions of another, will be necessary to address this concern.
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The previous examples suggest that males receive direct fitness benefits through coalitionary behavior. In recent work, my colleagues and I have investigated whether male chimpanzees derive indirect benefits by forming coalitions with others. Here we combined genetic analyses designed to determine who is related to whom with long-term behavioral observations to ask whether genetic relationships affect who does what with whom. Our results indicated that maternal half siblings form coalitions more often than do unrelated or distantly related individuals. 58 In contrast, rates of coalition formation did not differ between paternal half siblings and nonkin. Finally, several pairs of males supported each other more often than predicted by chance, and most of these dyads were unrelated. 58 Taken together, these results suggest that male chimpanzees form coalitions primarily for selfish reasons, obtaining direct fitness benefits as they do so.
Prior research reveals how male chimpanzees use coalitions to improve their own fitness and those of their close relatives, thereby helping to resolve the apparent paradox posed by individuals who support others. Nevertheless, several unanswered questions remain regarding male chimpanzee coalitionary behavior. Specifically, we know remarkably little about the frequency, form, and long-term function of coalitionary behavior. While it is sometimes claimed that male chimpanzees form coalitions often, 72, 73 scant data exist to evaluate exactly how often they do compared with other primate species. 74, 75 Additional data regarding the natural history of male chimpanzee coalitionary behavior are sorely lacking. Coalitions are heterogeneous in form, involving a minimum of three individuals. In situations where two individuals are involved in an aggressive interaction and a third party intervenes, the latter (''supporter'') helps one of the two contestants (''recipient'') targeting the third individual (''target''). In ''conservative'' coalitions, 72 two high-ranking individuals cooperate to attack a lower ranking animal (Fig. 2) . Alternatively, a high-ranking individual can join forces with a low-ranking individual in a ''bridging'' coalition to direct aggression toward an animal ranking between them both (Fig. 2) . A third possibility involves ''revolutionary'' coalitions in which two low-ranking animals cooperate against a higher ranking individual (Fig. 2) .
Different types of coalitions are likely to have different ultimate effects. A great deal has been written about how male chimpanzees form revolutionary coalitions as they attempt to improve their own status, causing dramatic upheavals in the dominance hierarchy in the process. [61] [62] [63] Less attention has been paid to conservative and bridging coalitions. The former reinforce the status quo, with two males benefiting by stabilizing and maintaining their positions in the dominance hierarchy. Participants derive similar direct fitness effects through bridging coalitions. In one type of bridging coalition (top panel, Fig. 2 ), a low-ranking male might support one high-ranking individual against another high-ranking individual to gain leverage against the latter. In a second type of bridging coalition (bottom panel, Fig.  2 ), a high-ranking animal might support the lower ranking individual of a pair to reinforce his relative position in the hierarchy.
Revolutionary coalitions have received considerable research attention, in part because of the significant effect they have on male dominance relations and thus male fitness. This has led to a general impression that revolutionary coalitions form quite frequently, but this is unlikely to be the case as male chimpanzee dominance hierarchies are often stable for long periods, with alphas remaining unchallenged as a result. At Ngogo, two males maintained their alpha status for more than seven years, during which time their position at the top was only rarely threatened in serious fashion. In sum, quantitative data are necessary to evaluate how often different types of coaliThat primates form coalitions so readily raises a puzzling evolutionary question. Why does a third party come to the aid of another and put him or herself at risk in the process?
tions actually occur and to assess their concomitant fitness effects.
Several outstanding questions remain regarding the frequency, form, and function of short-term coalitions. However, the development and longterm maintenance of coalitions also warrant further study. My own anecdotal observations suggest that males may not always help their younger maternal brothers when there is a large disparity in age, with strong cooperative bonds forming between them only when both are adults and in a position to obtain reproductive benefits by aiding each other. Additional observations also suggest that males may begin to support their younger brothers more vigorously as they age. In these situations, males may increase their help to others as their own reproductive value declines. Additional long-term study will be necessary to evaluate these possibilities.
Animals that consistently support each other over long periods are said to form an ''alliance. '' 76 More research is needed to describe how short-term coalitions between specific pairs of males develop into long-term alliances. What factors affect the development of alliances and their long-term stability? Recent studies of female monkeys indicate that individuals who form strong social bonds reproduce more than do females who develop only weak bonds. 77, 78 Because reproduction is the currency of import in the eyes of evolution, an important goal for future research will be to document the longterm fitness consequences of male chimpanzee coalitionary behavior. Recent research indicates that male chimpanzees form long-lasting and enduring social bonds with others, 79 but to what extent do these bonds, manifested by participation in coalitions, affect male reproduction? Finally, we know little about the cognitive mechanisms and communicative processes that underlie chimpanzee coalitionary behavior. Field observations and experiments previously employed to investigate cognition and communication in monkeys will be required to address these issues. 80, 81 Meat Sharing
The hunting behavior of chimpanzees has been studied intensively at several study sites. [82] [83] [84] [85] [86] [87] [88] [89] [90] The favored prey of chimpanzees are red colobus monkeys, which they hunt avidly wherever the two species live sympatrically. Chimpanzees also hunt other vertebrate prey in habitats where red colobus monkeys do not exist. 43, [91] [92] [93] Chimpanzees frequently share meat that they obtain in hunts (Fig. 3) . 66, 84, [94] [95] [96] At first glance, meat sharing is one of the most perplexing facets of chimpanzee behavior. Meat, after all, is an extremely valuable resource, packed with valuable micronutrients that are not easily obtained elsewhere, 41, 97 making it highly prized by all individuals. Most chimpanzees, however, consume meat infrequently because it is extremely hard to obtain. At Taï and Ngogo, chimpanzees engage in prolonged ''hunting patrols'' during which chimpanzees travel in an apparently purposive fashion across their territories in search of red colobus prey. 84, 87 Hunting patrols are energetically costly as patrollers rarely feed while they search for monkeys over periods averaging two hours. Patrols can sometimes last five to six hours of a 12-hour day. Chimpanzees may hunt red colobus monkeys upon encounter, but hunts themselves are potentially costly, as adult male colobus monkeys typically mob and wound chimpanzee predators. Taken together, the inherent costs associated with hunting make it puzzling why chimpanzees share meat with others.
Prior research has highlighted a potential intersexual function of meat sharing. Building on a proposal initially made by Geza Teleki, 82 who conducted the first systematic study of the hunting behavior of wild chimpanzees at Gombe, Craig Stanford and colleagues 94 hypothesized that male chimpanzees are motivated to hunt to obtain meat that they use to swap for matings. A similar hypothesis has recently been proposed to explain food sharing between male and female chimpanzees. 98 Despite the provocative nature of these hypotheses, several observations have been made that are not consistent with them. Estrous females do not always obtain meat from their begging efforts and matings do not regularly occur when males share meat with females. 66, 95 Additional data indicate that male chimpanzees do not always hunt red colobus monkeys upon encountering them and that the presence of estrous females actually inhibits hunting attempts by males. 66, 97 In situations where male chimpanzees pursue mon- keys instead of guarding estrous females, males are likely to suffer opportunity costs in the form of lost matings. 97 Finally, sharing meat with females fails to improve male mating success. 66 While the preceding findings do not support the hypothesis that male chimpanzees share meat with females to improve their mating success, a recent study from the Taï National Park suggests otherwise. 96 Observations made there indicate that males copulated more frequently if they shared meat with females than if they did not. This relationship persists after controlling several potential confounding variables, including male dominance rank, the amount of time males and females spent together, and female age, gregariousness, and frequency of begging. The discrepancy between these results and those derived from other research may be due to two different reasons, both of which require further investigation. First, the reported differences may be attributable to differences in the length of study. While the report from Taï was based on data collected over 22 months, previous research examined the relationship between male meat sharing and mating success over shorter times. Second, published differences may reflect real variation between study sites. It is relevant to note that the association between male mating success and meat sharing at Taï suggests that females there routinely exercise their choice in selecting mating partners. Current data indicate that while females at Taï may be able to do so, 99 additional observations reveal that male coercion severely restricts the ability of females to display their mating preferences elsewhere 100 (personal observation). An alternate hypothesis suggests a possible intrasexual function for meat sharing. This hypothesis takes its lead from field work conducted by Toshisada Nishida and colleagues 101 at the Mahale Mountains. There they observed a particularly clever alpha male, Ntologi, selectively share meat with other males. Males who consistently obtained meat supported Ntologi in aggressive disputes, thereby helping him maintain his alpha status for an unprecedented period of 16 years. From these observations, Nishida and co-workers formulated the ''male social bonding'' hypothesis, 66 which suggests that male chimpanzees use meat as a political tool to develop and maintain valuable social bonds with others. My own observations are largely consistent with this hypothesis, as male chimpanzees at Ngogo share meat nonrandomly and reciprocally with each other and exchange meat for coalitionary support. 66 More recent studies at Gombe suggest that male chimpanzees there do not use meat as a social tool in a similar way. 95, 97 This claim is difficult to evaluate as the critical data needed to test this hypothesis have not been presented. Specifically, it remains to be determined whether males at Gombe or at any other site exchange meat for coalitionary support. In sum, further study will be necessary to assess how generally we can apply the male social bonding hypothesis across chimpanzee communities.
Recently, a third hypothesis has been revived to explain the meat-sharing behavior of chimpanzees. Extending an idea originally proposed by Richard Wrangham, 102 Ian Gilby 95 has proposed that chimpanzees share meat to reduce the costs associated with possession. This ''sharing under pressure'' hypothesis begins with the observation that hunts generate considerable frenzy. Because meat is a scarce and valuable resource, several chimpanzees typically gather around individuals who have captured prey, harassing them and attempting to grab bits of meat. This hypothesis proposes that meat sharing represents a form of ''tolerated theft'' 103 and that possessors share meat primarily to reduce the costs of harassment imposed by beggars. Observations at Gombe support this hypothesis. Feeding rates by individuals who possess meat decrease as a function of the number of beggars, the probability of sharing increases with the occurrence and duration of harassment, and levels of harassment decline following sharing events. 95 Despite these findings, the hypothesis fails to explain why alpha males, who frequently possess meat and are not especially vulnerable to harassment, readily share with others. In addition, the hypothesis does not account for voluntary transfers that are frequently made by other chimpanzees. In sum, the sharing-under-pressure hypothesis goes some way to explain why chimpanzees share meat. It may, in fact, may be more broadly applicable to the behavior of chimpanzees at other study sites. To date, however, the necessary data to test this hypothesis elsewhere have not been collected. Consequently, as is the case with the male social-bonding hypothesis, it is unclear to what extent the sharing-under-pressure hypothesis applies to the meat-sharing behavior displayed by chimpanzees in other communities. Additional work will be required to address this issue.
Ideally, future studies will continue to consider the possibility that meat sharing occurs for different reasons, as the male social bonding and sharing under pressure hypotheses are not mutually exclusive. In this regard, anecdotal observations made at Ngogo suggest that meat may be relinquished or stolen shortly after initial capture, but is treated with remarkable ''respect for ownership'' thereafter, leading to voluntary exchanges between individuals. In addition, it will repay the effort to revisit how we define and operationalize terms. For instance, Gilby 95 defines chimpanzees who ''harass'' individuals who possess meat as those who sit next to them, reach without touching them, hold the carcass of the prey, and touch the possessor's mouth. Most of these behaviors do not accord with what would commonly be considered harassment. It will be important, therefore, to standardize definitions so that they are operationally tractable and yield results that can be compared in meaningful ways across studies. Because chimpanzees are well known for displaying intraspecific variation in behavior, 104, 105 it will also be important to consider the possibility that the reported differences in meat sharing reflect real differences in the behavior of chimpanzees across study sites. In sum, the meat sharing behavior of chimpanzees continues to generate new questions. Equally compelling questions about male chimpanzee cooperation emerge from observations of their territorial behavior.
Territorial Boundary Patrols
Perhaps the most dramatic way that male chimpanzees cooperate is in their territorial behavior. Chimpanzees are typically hostile to members of other communities. Intercommunity aggression occasionally leads to fatalities as male chimpanzees make lethal coalitionary attacks on their neighbors (Fig. 4) . 24, [106] [107] [108] [109] [110] [111] Adult male chimpanzees are typically targeted in such attacks, with most fatalities involving them. 7, 112 However, infants also frequently fall victim, with the killers cannibalizing them in the process. 7, 112 Current evidence suggests that by killing conspecifics in other communities male chimpanzees achieve dominance over their neighbors and are thus able to expand their territories at the latters' expense. Territorial expansion, in turn, leads to larger feeding territories and improved reproduction by community females. 57 These observations leave three questions unanswered. First, females are rarely recruited into new communities because secondary transfer does not typically occur. Thus, why are females from other communities seldom targeted and killed? Second, why are infants typically cannibalized? Alternatively, why are adult chimpanzees left unconsumed? To date, these questions remain unresolved.
Attacks on chimpanzees belonging to other communities are frequently preceded by territorial boundary patrols, a behavior that raises additional questions about male cooperation (Fig. 5) . Patrols typically involve males, who move together in single file and directed fashion to the periphery of their territory. When they arrive, their behavior changes dramatically. Patrollers fall completely silent. They visually scan the environment, sniff the ground, and check signs, such as urine, feces, and food, left behind by conspecifics. Occasionally, patrollers make deep incursions into the territories of their neighbors. At Ngogo, patrols include, on average, about 13-18 individuals and occur about once every 9-10 days. 106, 113, 114 Patrollers make aural or visual contact with members of adjacent communities in about 30% of these events. 106 Patrols are costly. Individuals who participate can, at least in theory, be attacked by members of other communities and injured or killed in the process. Patrollers also incur energetic and opportunity costs. Patrols at Ngogo last an average of two hours, during which chimpanzees feed less and travel more than they do during other times. 114 Whether the psychological stress and energetic costs associated with patrols have a measurable physiological effect on participants remains to be determined. Tangible costs nevertheless exist, and patrollers can offset these costs by obtaining several benefits through the joint defense of territories. These benefits include increased access to food and improved safety. Because these benefits are likely to be shared, males are predicted to contribute regularly and participate in patrols with equal frequency. Our observations nevertheless indicate that there is considerable heterogeneity in patrol participation. 106 While some males patrol quite often, others participate infrequently (Fig. 6 ). Data such as these create a classic cooperation problem. Specifically, why are some males permitted to ''free-ride'' and to refrain from participating, thus reaping the communal benefits derived from territorial patrols without paying any of the costs?
Several possibilities exist, all of which require further study. First, heterogeneity in participation may reflect the fact that the fitness benefits of patrolling are not equally distributed among males. As a result, some males may be willing to pay greater costs than others, with the former participating more frequently than the latter. In this regard, previous observations at Ngogo reveal that male patrolling effort varies positively with mating success. 106 From this, it is tempting to conclude that males who mate frequently, and presumably have the . . . the sharing-underpressure hypothesis goes some way to explain why chimpanzees share meat. It may, in fact, may be more broadly applicable to the behavior of chimpanzees at other study sites. To date, however, the necessary data to test this hypothesis elsewhere have not been collected. most offspring in the group to protect now and in the future, are motivated to patrol more than are males who mate less often. Ultimately, our ability to assess whether males accrue variable fitness benefits by patrolling will depend on establishing a direct link between male reproduction and patrolling frequency. Long-term records of males that do and don't patrol, combined with paternity analyses using genetic markers, can be employed to investigate this possibility.
Male chimpanzees may obtain other direct benefits by participating in patrols. Because patrols are costly in terms of time and energy, and can potentially lead to injury during aggressive encounters with neighbors, they provide a forum for males to advertise their ability and willingness to take risks, and thus their quality as potential long-term allies. To date, the hypothesis that patrolling represents a form of costly signaling 115, 116 has received scant attention. A direct test of the hypothesis will require additional observations regarding whether variation in patrol participation affects rates of received aggression and alliance formation.
Male chimpanzees are philopatric, 26, 27 and thus live with their genetic relatives throughout their lives. From this, a third possibility arises, which is that males adjust their patrolling effort to obtain indirect fitness benefits. 117 Specifically, this hypothesis predicts that variation in the number of close kin with whom a male co-resides will affect his tendency to patrol, with males having many kin expected to patrol more often than do individuals having fewer relatives to protect.
Finally, fitness costs, as well as benefits, might affect variation in patrol participation, leading to a fourth hypothesis, that males punish others who fail to patrol. Punishment, defined as ''retailiatory infliction of fitness reduction,'' 118 can prevent others from engaging in harmful behaviors as well as encourage them to perform beneficial behaviors. Compared with other potential explanations for cooperative behavior, punishment has received relatively little attention in studies of animal behavior. Observations of captive chimpanzees indicate that males attack their long-term allies who fail to 
FEMALE CHIMPANZEE COMPETITION
Our knowledge of the behavior of female chimpanzees lags behind studies of male behavior and remains far from complete. There are several reasons for this, which are unrelated to any lack of interest or field effort on the part of researchers. Put simply, female chimpanzees are very difficult to study. Female chimpanzees, specifically those living in East Africa, are relatively asocial. [119] [120] [121] [122] Because of this, females rarely interact with conspecifics, so that social relationships between them have been difficult to document. In addition, females reproduce slowly 3, 5, 6, 50 and most disperse from their natal groups, 5, 26, 27 making their subsequent activities invisible to human observers. Given these circumstances, it has taken an extraordinary amount of time to obtain even the most basic information about the behavior of female chimpanzees in the wild.
Social relationships between females represent one aspect of behavior that has proven hard to unravel. In striking contrast to males, female chimpanzees show few overt signs of striving for status. This, combined with their comparatively low rates of interaction, makes it notoriously difficult to rank females. Dominance rank relationships between individuals can, on occasion, be determined, but typically only after many years of observation. [123] [124] [125] [126] [127] [128] As a result, female chimpanzees are often portrayed as comparatively shy, secretive, and noncompetitive. Long-term studies are beginning to transform this depiction of female chimpanzees, revealing a surprisingly competitive side that has remained hidden until now.
Female chimpanzees display extremely slow life histories, characterized by prolonged development, delayed reproduction, and low reproductive rates. 3, 5, 6, 50 These factors lead to the natural expectation that females will compete, but for what? Here sexual selection theory provides critical insight. Female chimpanzees, like most other mammals, invest more in their offspring than do males. As a consequence, their reproduction is typically limited by the ability to convert environmental energy directly into offspring, with the result that females compete primarily for food. 129 Because chimpanzees specialize in feeding on ripe fruit, 130 they face a limited and unpredictable food supply that fluctuates in space and time. This foraging regime creates a special challenge for females. Those living in East Africa appear to adapt by moving alone with their dependent offspring over relatively small core areas within the larger territory occupied by the entire community. 121, 122, 126, 131 Following dispersal, females settle into core areas and remain faithful to them over time. Through long-term site fidelity to core areas, females presumably become intimately familiar with the locations of food in good times and bad. Recent observations now reveal that instead of competing directly for food during face-to-face encounters with conspecifics, female chimpanzees compete for high-quality core areas. 125, 126, 128 The tropical habitats occupied by chimpanzees are heterogeneous and, as a consequence, female core areas vary in quality and size. Studies of East African chimpanzees indicate that high-ranking females reside in more productive core areas than do lowranking individuals. Specifically, the core areas of dominant females are smaller and contain more preferred foods than do those occupied by subordinates. 126, 128 Despite long-term site fidelity, the core areas of individual females change in size over time as a function of feeding competition. During periods of fruit scarcity, competition for food is accentuated, and at Gombe, differences in the size of core areas occupied by high-and low-ranking females grow larger. 126 Observations of interactions between immigrant and resident females have provided further evidence of female competition.
When new females immigrate into communities and attempt to establish core areas, they meet sharp resistance from residents, with rates of aggression increasing between them. 128, 132 While attempting to settle, immigrant females increase their rates of association with males who, in turn, protect them from attacks. In this way, immigrants are able reduce the levels of aggression they receive from resident females. 127 Taken together, the preceding observations suggest that female chimpanzees compete for space, with highranking females excluding lower ranking females from high-quality habitats. This, in turn, has important consequences for female feeding behavior, condition, and reproduction. Highranking females, who inhabit highquality core areas, spend less time foraging and eat higher quality foods than do low-ranking females. 125, 133 Dominant females are also heavier and show less variation in weight across seasons than do subordinate females. 134 Moreover, the attendant feeding advantages obtained by competition for space and food influence female reproduction in important ways. At Gombe, high-ranking females live longer and have shorter birth intervals than do lowranking females.
135 Dominant females also give birth to more surviving offspring and produce daughters that reach sexual maturity earlier than do those born to subordinate mothers. 135 Similar observations have recently been reported at Kanyawara, where female chimpanzees who occupy core areas with more preferred foods have shorter birth intervals and higher infant survivorship than do those living in poorer habitats. 133 Recent studies are beginning to reveal that female chimpanzees compete with each other for space, food, and opportunities to reproduce. Female competition, for the most part, is indirect and manifest in subtle ways, differing dramatically from the loud, conspicuous, aggressive interactions that frequently take place between male chimpanzees. Additional observations indicate, however, that competition between female chimpanzees can escalate significantly under certain circumstances. Competition between female chimpanzees is particularly acute when new females immigrate into communities. As they attempt to integrate themselves into their new homes and establish a core area, immigrant females receive considerable aggression from resident females. At Gombe and the Budongo Forest Reserve, resident females have now been observed to form coalitions to attack and kill the infants of immigrant females. 34, 132 These attacks are particularly extreme manifestations of competition between female chimpanzees for space and food.
The research summarized here has begun to paint an unexpectedly complex picture of female chimpanzee behavior. But much remains to be learned. Specifically, what are the physiological causes and consequences of female competition? How do immigrant females integrate themselves into their new communities? How do immigrants select their core areas? What factors influence their decisions? How does female competition influence the short-and long-term strategies mothers use in raising their young? Studies of primates, which are longlived and reproduce slowly, have yielded scant data about infant growth and development. As a result, we continue to lack information about how maternal behavior influences patterns of chimpanzee development in the wild. Long-term behavioral observations combined with endocrine analyses of samples noninvasively collected from animals in the wild will provide a way to address these and other questions Put simply, female chimpanzees are very difficult to study. Female chimpanzees, specifically those living in East Africa, are relatively asocial. Because of this, females rarely interact with conspecifics, so that social relationships between them have been difficult to document.
about the behavior of female chimpanzees. As studies continue to highlight intraspecific variation in chimpanzee behavior, 104, 105 it will be important to examine whether, how, and why patterns of female competition vary across populations. For example, it has become increasingly clear that female chimpanzees living in the Taï National Park in West Africa are much more social than are individuals in East Africa. 136 Collaborative work implementing standardized methods of data collection and analysis is needed to validate these differences and to investigate their causal, developmental, and functional correlates.
IMPLICATIONS FOR HUMAN BEHAVIOR AND EVOLUTION
Evolutionary anthropologists take a keen interest in studies of chimpanzees and bonobos because they are our closest living relatives. As such, they provide valuable information to assess how we as a species are unique and to reconstruct the evolution of human behavior. Differences that exist among all three species highlight changes that have occurred during the course of human evolution and some of the selective factors that contributed to our extraordinary spread and dominance on earth. For example, the research reviewed here indicates that male chimpanzees cooperate in several situations, including coalitions, meat sharing, and territorial boundary patrols. Observations indicate that while maternal kinship affects who cooperates with whom, male chimpanzees nonetheless cooperate quite often and readily with unrelated individuals. Despite these findings, cooperation between wild chimpanzees remains limited in its extent and effects, as males do not appear to cooperate with their paternal relatives 58 and females do not cooperate as often as males do. Also, cooperation typically is restricted to pairs of individuals and it does not extend beyond members living within the same social group. In contrast, human cooperation involves extensive networks of individuals who assume specialized roles to trade goods and services both within and between groups. As a consequence, it is arguably true that cooperation, with kin and nonkin alike, is a hallmark of humankind, setting us apart in a significant way from our closest living relatives. 137 Other differences involving cooperation reviewed in this issue 138 and elsewhere 139 highlight an additional selective factor that may have played a role in the evolution of humans as a ''uniquely unique'' 140 species. Recent research on female chimpanzee competition should not detract from the fact that female chimpanzees are caring mothers who are extraordinarily attentive to and solicitous of their young. 3 Offspring care is nonetheless generally restricted to mothers. In this respect, chimpanzees differ sharply from the cooperative breeding systems displayed by Callitrichid primates and other animals. 139 This observation has led to the hypothesis that cooperative breeding may have been a singularly important trait leading to the evolution of several unusual aspects of human behavior, life history, and cognition. [137] [138] [139] Similarities as well as differences can be employed to reconstruct the evolution of human behavior. Behavioral similarities among chimpanzees, bonobos, and humans evolve as the result of convergent evolution or common descent. Homologous similarities due to the latter process are of special interest for purposes of behavioral reconstruction. 141 Homologies shared among chimpanzees, bonobos, and humans are likely to have also been shared by the common ancestor of all three species. From this, it is reasonable to assume that early humans possessed these characteristics as well. Although this logic is unquestionable and easy to understand, it is not necessarily easy to apply. Some problems, not always entertained or acknowledged, hinder using information about chimpanzees to make inferences about human behavioral evolution.
One significant problem involves the fact that bonobos are a sister taxon of chimpanzees. Accordingly, data regarding bonobos and chimpanzees are required to determine behaviors that may have been displayed by the last common ancestor. Most attempts to use chimpanzees to reconstruct the evolution of our behavior fail to incorporate bonobos into their analyses. [142] [143] [144] [145] [146] [147] Why this is a problem becomes apparent when considering the potential significance of the extreme intergroup violence that chimpanzees display. Some have interpreted this as supporting the claim that the evolutionary roots of human aggression run deep. 148, 149 Bonobos, however, are much less aggressive than chimpanzees. Clearly, any argument that early humans were extremely aggressive as a consequence of shared ancestry would be on much firmer ground if aggression was practiced on a regular and frequent basis by all three species.
In sum, information about the behavior of chimpanzees continues to inform the study of human behavior and evolution in important ways. Applying this information is sometimes controversial 150 and presents problems. In addition, a focus on chimpanzees should not take away from the fact that behavioral observations of other animals, primates and nonprimates alike, provide critical comparative data to understand the human condition. Nonetheless, as Huxley 151 recognized more than 140 years ago, their close evolutionary relationship to us furnishes a strong theoretical rationale for why chimpanzees remain central to our understanding human evolution and behavior.
CONCLUDING COMMENTS
Nearly 50 years after their inception, studies of the behavior of wild chimpanzees continue to generate widespread attention and interest. Yet despite years Recent studies are beginning to reveal that female chimpanzees compete with each other for space, food, and opportunities to reproduce. Female competition, for the most part, is indirect and manifest in subtle ways . . . of dedicated field work by several individuals at sites across the African continent, we still lack answers to fundamental questions. The reason for this is simple. Because of their extremely long life spans and slow reproduction, chimpanzees are slow to give up the secrets of their lives to human observers. As should be clear from the preceding, answering questions regarding male cooperation and female competition will require additional long-term study. But whether such study will be possible remains unclear because chimpanzees are critically endangered throughout Africa. Habitat destruction, 152,153 a thriving bushmeat trade, 152, 154 and recurrent outbreaks of infectious disease, 152, 155 threaten to drive chimpanzees to extinction. Recent research indicates that populations of chimpanzees in West Africa have suffered a precipitous decline during the past 20 years, 156 while the famed Kasekela chimpanzee community at Gombe in East Africa continues to face an uncertain fate. 157 Seven years ago, in an earlier review of chimpanzee behavior for this journal, I concluded by noting the massive void that will be created if we fail to conserve chimpanzees in the wild. Time has passed and it is running out.
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